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An integrated circuit mounting a DRAM which can realize 
(21) Appl. No.: 12/977,143 high integration without complicated manufacturing steps. 

The integrated circuit according to the invention comprises a 
DRAM in which a plurality of memory cells each having a 

(22) Filed: Dec. 23, 2010 thin film transistor are disposed. The thin film transistor com 
prises an active layer including a channel forming region, and 

Related U.S. Application Data first and second electrodes overlapping with each other with 
the channel forming region interposed therebetween. By con 

(63) Continuation of application No. 12/474,766, filed on trolling a drain Voltage of the thin film transistor according to 
May 29, 2009, now Pat. No. 7,858,985, which is a 
continuation of application No. 10/793,806, filed on 
Mar. 8, 2004, now Pat. No. 7,541,614. 

data, it is determined whether to accumulate holes in the 
channel forming region or not, and data is read out by con 
firming whether or not holes are accumulated. 
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INTEGRATED CIRCUIT, SEMICONDUCTOR 
DEVICE COMPRISING THE SAME, 

ELECTRONIC DEVICE HAVING THE SAME, 
AND DRIVING METHOD OF THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/474,766, filed May 29, 2009, now allowed, 
which is a continuation of U.S. application Ser. No. 10/793, 
806, filed Mar. 8, 2004, now U.S. Pat. No. 7,541,614, which 
claims the benefit of foreign priority applications filed in 
Japan as Serial No. 2003-065314 and Serial No. 2003 
065393 on Mar. 11, 2003, all of which are incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an integrated circuit 
mounting DRAM formed by using a thin film semiconductor 
film, and more particularly to a semiconductor display device 
(semiconductor device) comprising the integrated circuit and 
a driving method of the integrated circuit. 
0004 2. Description of the Related Art 
0005 Generally, a flat panel display formed by using an 
inexpensive glass Substrate has a problem in that, the periph 
ery of a pixel portion (frame area) which is used for mounting 
occupies larger area of the Substrate as resolution becomes 
high, and this makes it difficult to produce a compact flat 
panel display. Therefore, it is considered that there is a limi 
tation with regard to a method for mounting an IC which is 
formed by using a single crystal silicon wafer on a Substrate, 
and thus technology for monolithically forming an integrated 
circuit and a pixel portion onto a glass Substrate, namely 
development of a system-on-panel is expected to be 
advanced. 

0006. A configuration of a dual-gate thin film transistor 
which is one of the semiconductor elements formed on a glass 
substrate is disclosed in the following Patent Document 1. 
0007 Patent Document 1 
0008 Japanese Patent Laid-Open No. 2002-359376 
0009 Since an integrated circuit formed on a glass sub 
strate has a lower degree of integration than that formed on a 
single crystal silicon wafer, the realization of high integration 
is an important Subject in view of its practical use. In particu 
lar, enlargement of capacitance of a semiconductor memory 
is indispensable to achieve a high-performance integrated 
circuit as well as the high integration. Among semiconductor 
memories, DRAM (Dynamic Random Access Memory) is 
Superior to other semiconductor memories in its large capac 
ity and low cost. DRAM generally comprises a simple 
memory cell in which one transistor and one capacitor are 
arranged, and the Smaller number of semiconductor elements 
are used to configure the DRAM memory cell as compared to 
other semiconductor memories such as SRAM. Therefore, 
the large number of memory cells can be embedded into one 
tip, thus makes it easier to produce an LSI having large 
memory capacity, leading to low cost per bit as compared to 
other semiconductor memories. 
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0010 Thus, DRAM can be thought as one of the essential 
semiconductor memories in promoting high integration of an 
integrated circuit which is formed on a glass Substrate. 

SUMMARY OF THE INVENTION 

0011. As described above, DRAM plays an important role 
for achieving large memory capacity, however, when the 
degree of integration of an LSI is further to be increased while 
reducing the chip size, an area occupied by the memory needs 
to be reduced as well as other semiconductor memories. This 
requires an area of each memory cell to be even Smaller. In the 
case of downsizing a memory cell in a DRAM, Storage 
capacitance has to be maintained at more than the certain 
value So as to reduce the frequency of refresh operations, to 
secure an enough time for a sense operation, and to reduce 
Soft errors due to an a ray. Thus far, various attempts have 
been made to secure storage capacitance while reducing an 
area occupied by a memory cell. Such as optimization of a 
material used for a dielectric film and three-dimensionaliza 
tion of a capacitor. 
0012 However, there is a limitation for the optimization of 
a material of a dielectric film, and it is thus difficult to obtain 
a material having a drastically low dielectric constant. In 
addition, a DRAM formed with a three-dimensionalized 
capacitor, such as a stack memory cell and a trench memory 
cell, is effective for reduction in tip size, however, it is disad 
Vantageous in that cost per bit becomes high as its manufac 
turing steps are complicated as compared to those of DRAM 
using a planar memory cell. Therefore, it is difficult to achieve 
high integration of DRAM by utilizing its advantages of large 
memory capacity and low cost. 
0013. In view of the foregoing, the invention provides an 
integrated circuit mounting DRAM which can realize high 
integration without complicated manufacturing steps. In 
addition, the invention relates to a driving method of the 
integrated circuit and a semiconductor display device using 
the integrated circuit. 
0014) To solve the above-mentioned problems, a DRAM 
which is mounted on an integrated circuit of the invention 
comprises a plurality of memory cells, each of which is dis 
posed with a dual-gate thin film transistor having a first gate 
electrode, a second gate electrode, an active layer including a 
channel forming region, a first insulating layer and a second 
insulating layer. The active layer is interposed between the 
first gate electrode and the second gate electrode, the first 
insulating layer is interposed between the active layer and the 
first gate electrode, and the second insulating layer is inter 
posed between the active layer and the second gate electrode. 
According to the thin film transistor having the above struc 
ture of the invention, data is written or read by means of a 
charge that is accumulated in a channel forming region by 
impact ionization. 
0015 Impact ionization can be controlled by a drain volt 
age. When a drain voltage is raised to form a high electric field 
of about 100 kV/cm or more, carriers that have reached 
threshold energy of ionization cause impact ionization, 
thereby generating electron-hole pairs. The generated elec 
trons flow into a drain region and the holes flow into a source 
region. By controlling a potential of the first gate electrode, 
the generated holes can be accumulated in the channel form 
ing region. Specifically, the holes flow into the source region 
when a potential of the first gate electrode is equal to or higher 
than that of the source region, and the holes are accumulated 
in the channel forming region when apotential of the first gate 
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electrode is lower than that of the source region. As the 
accumulation of the holes is kept on until the potential at the 
first gate electrode side of the channel forming region 
becomes equal to that of the Source region, the cumulative 
amount of holes can be controlled by a potential of the first 
gate electrode. 
0016. When holes are accumulated in the channel forming 
region, a threshold Voltage shifts as the potential at the first 
gate electrode side in the channel forming region increases, 
thus increases a drain current. Therefore, an accumulation 
state of the holes (charges) can be confirmed according to the 
magnitude of the obtained drain current. Therefore, data is 
written by the accumulated charges in the channel forming 
region, and it is read by the drain current or the threshold 
Voltage. 
0017. Since holes are accumulated until a potential at the 

first gate electrode side of the channel forming region 
becomes equal to a potential of the source region, the cumu 
lative amount of holes can be controlled by a potential of the 
first gate electrode. According to the invention, data having 
three states or more may be written by selecting a plurality of 
different potentials to be supplied to the first gate electrode in 
writing data, and making difference in the cumulative amount 
of holes after writing. Then, by utilizing a characteristic Such 
that a threshold Voltage or a drain current is increased in 
accordance with the increase in the cumulative amount of 
holes, data having three States or more is read out. According 
to the above configuration, memory capacity of a DRAM can 
be increased while reducing an occupying area. 
0018. In addition, since accumulated charges can be kept 
for a certain period of time according to the invention, unlike 
general DRAMs using capacitors, it is possible to read out 
data without rewriting the data even after reading out the data 
by a drain current. Therefore, power saving of DRAMs can be 
achieved by reducing the number of rewritings when the same 
data is needed. However, when overwriting new data onto 
previous data, it is required before writing the new data that 
the previous data is completely deleted by raising a potential 
of the first gate electrode to discharge (purge) the accumu 
lated charges. 
0019. It is to be noted that, refresh operation is required in 
the DRAM of the invention as well as general DRAMs. This 
is because the difference of the amount of charges between 
when they are accumulated in the channel forming region and 
when they are not are gradually decreased according mainly 
to thermal generation of electron-hole pairs. In the refresh 
operation, data is rewritten after purging the accumulated 
charges by raising a potential of the first gate electrode in the 
similar manner to the overwriting of new data. 
0020. Also, when a thin film transistor is compared to a 
transistor formed by using a single crystal semiconductor 
film, it is generally thought that charges are easily leaked out 
due to a grain boundary in an active layer, leading to a short 
holding time of charges. In particular, in the case of multi 
state data having three states or more, the difference of the 
charge amount between each state tends to become Smaller as 
the number of states increases as four, five, and more, thus it 
is difficult to keep accuracy of data. However, as for a tran 
sistor formed by using a single crystal semiconductor film, 
the conventional process has to be made a drastic change in 
forming two gate electrodes interposing an active layer, 
thereby leading to more complicated Steps and further to a 
high cost. In view of these problems, the invention uses a 
semiconductor film, which is crystallized by means of a metal 
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catalyst, as an active layer of a thin film transistor. It has been 
verified that in a semiconductor film crystallized by means of 
metal catalyst, two different crystal grains are joined with 
very good matching at the grain boundary as disclosed in 
Japanese Patent Laid-Open No. 2001-5426. In other words, 
the film has a structure in which crystal lattices are continu 
ously joined at the crystal grain boundary, and which is very 
hard to create trap levels ascribable to crystal defects and the 
like. Therefore, there are Small regions to become a genera 
tive nucleus of an electron-hole pair, and thus a thin film 
transistor having high charge retention characteristics can be 
realized even in processing data having multiple states. Also, 
a step for manufacturing the second gate electrode can be 
additionally provided with ease without making the overall 
steps complicated as compared to the case of a single crystal 
transistor. Therefore, cost rise with the complicated Steps can 
be suppressed unlike the case of forming a single crystal 
transistor. 

0021. It is to be noted that, a thin film transistor of the 
invention is an SOI (silicon on insulator) of a complete deple 
tion type. A complete depletion SOI transistor can be realized 
when a film thickness of an active layer is thin, and the 
depletion layer spreads widely in the active layer. A single 
crystal SOI substrate has a problem in that it cannot easily 
provide a very thin single crystal silicon film, whereas a thin 
film transistor can provide a very thin active layer by depos 
iting a semiconductor layer. 
0022. In addition to the method of using a metal catalyst, 
other methods such as thermal crystallization using an elec 
trically heated oven, laser crystallization using a laser beam, 
lamp anneal crystallization using infrared light can be used to 
crystallize a thin semiconductor layer. However, a semicon 
ductor film crystallized by these methods is inferior in match 
ing of the two different crystal grains at a crystal grainbound 
ary as compared to the case of using a metal catalyst, thus it 
tends to create a number of trap levels ascribable to crystal 
defects and the like. When there are a number of such trap 
levels, electron hole pairs are generated due to the level that 
serves as a nucleus, therefore, charge retention characteristics 
are deteriorated. When the charge retention characteristics 
are low, frequency of refresh operations has to be increased 
and data writing or reading needs to be performed without 
overlapping with each other, thus operating rate is lowered. 
0023. In addition, in the semiconductor film which is crys 
tallized by means of a metal catalyst, characteristic variations 
of a thin film transistor for holding charges can be decreased 
since the size and crystal orientation of crystal grains are 
relatively uniform as compared to those formed by other 
crystallization. As an operating condition of a memory is 
determined based on the distribution (variations) in charac 
teristics of a number of memory cells, it is advantageous to 
obtain a thin film transistor with small characteristic varia 
tions in view of various operating conditions such as a fre 
quency of refresh operations, a potential Supplied to a bit line 
and a word line, thus power consumption and operating rate 
can be improved. 
0024. As described above, according to the invention, data 
can be stored by using one thin film transistor, thus no addi 
tional capacitors are required and a memory cell area can be 
reduced. Therefore, high integration and large memory 
capacity of an integrated circuit mounting a DRAM can be 
realized while cutting costs. Further, according to the high 
integration and large memory capacity of an integrated cir 
cuit, the integrated circuit occupies a smaller area of a Sub 
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strate on which a pixel portion of a flat panel is formed 
together, thus high-performance system-on-panel can be 
implemented. 
0025. It is to be noted that, according to the invention, a 
DRAM can be operated by providing at least one thin film 
transistor for each memory cell, however, the number of thin 
film transistors is not limited to this, and a plurality of tran 
sistors may also be employed for each memory cell. For 
example, not only a thin film transistor for storing data, but 
also a thin film transistor used for Switching may be employed 
so that the former thin film transistor may hold the stored data 
with accuracy. However, the thin film transistor used for 
Switching may not necessarily be of a dual gate type, and a 
single gate thin film transistor that is present only in either 
side of an active layer may also be employed. 
0026. It is to be noted that, the integrated circuit of the 
invention includes all integrated circuits using DRAM such 
as a microprocessor and an image processing circuit. A semi 
conductor display device of the invention includes a liquid 
crystal display device, a light emitting device comprising a 
light emitting element represented by an organic light emit 
ting diode (OLED) for each pixel, a DMD (Digital Micromir 
ror Device), a PDP (Plasma Display Panel), an FED (Field 
Emission Display), and other display devices in which circuit 
elements using semiconductor films are employed in their 
driver circuits and the like. 
0027. Further, according to the invention, a plurality of 
different potentials to be supplied to a first gate electrode can 
be selected in writing, and by writing data having three states 
or more, memory capacity of a DRAM can be increased while 
reducing its occupying area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIGS. 1A and 1B are cross-sectional views of a TFT 
which is used as a memory element in the present invention. 
0029 FIGS. 2A to 2D are circuit diagrams to explain the 
operation of a TFT which is used as a memory element. 
0030 FIGS. 3A to 3G are circuit diagrams to explain the 
operation of a TFT which is used as a memory element. 
0031 FIGS. 4A and 4B area circuit diagram of a cell array 
of a DRAM and a timing chart respectively. 
0032 FIGS. 5A to 5E are views showing a method for 
manufacturing a semiconductor display device of the inven 
tion. 
0033 FIGS. 6A to 6D are views showing a method for 
manufacturing a semiconductor display device of the inven 
tion. 
0034 FIGS. 7A to 7C are views showing a method for 
manufacturing a semiconductor display device of the inven 
tion. 
0035 FIGS. 8A and 8B area circuit diagram of a cellarray 
of a DRAM and a timing chart respectively. 
0036 FIG.9A is a top plan view showing a memory cell of 
a DRAM, and FIGS.9B to 9D are cross-sectional views of the 
SaC. 

0037 FIG. 10 is a perspective view of a microprocessor as 
one of the integrated circuits of the invention. 
0038 FIG. 11 is a top plan view of a memory cell of a 
DRAM. 
0039 FIG. 12 is a partial circuit diagram of a cell array of 
a DRAM. 
0040 FIGS. 13A and 13B are exemplary diagrams show 
ing a memory cell and a method for reading out data from the 
memory cell respectively. 
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0041 FIGS. 14A to 14C are electronic apparatuses to 
which the semiconductor display device or the integrated 
circuit of the invention is applied. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiment Mode 

0042. With reference to FIGS. 1A and 1B, a structure of a 
DRAM which is used in an integrated circuit of the present 
invention is described. FIG. 1A shows a cross-sectional view 
of a dual gate thin film transistor (TFT) 100 which is disposed 
in each memory cell. 
0043. The TFT 100, which is used as a memory element in 
the invention, comprises two electrodes (hereinafter referred 
to as a first gate electrode 101 and a second gate electrode 
102), an active layer 103, a first insulating layer 104, and a 
second insulating layer 105. The active layer 103 comprises a 
Source region 106, a drain region 107, and a channel forming 
region sandwiched between the source region 106 and the 
drain region 107. 
0044 As shown in FIG. 1A, the active layer 103 is sand 
wiched between the first gate electrode 101 and the second 
gate electrode 102, and the first insulating layer 104 is sand 
wiched between the first gate electrode 101 and the active 
layer 103, and further the second insulating layer is sand 
wiched between the second gate electrode 102 and the active 
layer 103. 
0045. It is to be noted that, the structure of the active layer 
103 is not limited to the one shown in FIG. 1A, and it may 
have an LDD (Light Doped Drain) region, and one or a 
plurality of impurity regions which overlap with the first gate 
electrode 101 or the second gate electrode 102 for example. 
Also, a part of the channel forming region 108 may not 
necessarily overlap with the first gate electrode 101 or the 
second gate electrode 102. 
0046 According to a potential to be supplied to the first 
gate electrode 101, the second gate electrode 102, the source 
region 106, and the drain region 107, various operations of the 
DRAM can be controlled. Specifically, impact ionization in 
data writing (Program) can be controlled according to a 
potential supplied to the source region 106 and the drain 
region 107. 
0047 FIG. 1B shows a pattern diagram showing a state 
where holes are accumulated during impact ionization. FIG. 
1B is an enlarged view of the TFT shown in FIG.1A, in which 
a potential of the first gate electrode 101 is referred to as Vbg. 
a potential of the second gate electrode 102 as Vfg, a potential 
of the source region 106 as Vs, and a potential of the drain 
region 107 as Vd. 
0048. Impact ionization can be caused by raising a drain 
voltage (referred to as Vds) which is obtained by subtracting 
the potential Vs of the source region 106 from the potential Vd 
of the drain region 107. The drain voltage Vds is adjusted so 
as to form an electric field that is high enough to reach thresh 
oldenergy of impactionization. The value of the drain Voltage 
Vds that causes impact ionization differs depending on the 
structure or characteristics of a TFT, specifically such as 
crystallinity of an active layer and an impurity concentration. 
According to the invention, the value of the drain voltage Vds 
may be set in Such a manner that data can be written or read 
out based on the variations in threshold voltage or drain 
current derived from impact ionization. 
0049. When impact ionization occurs, electron-hole pairs 
are generated, and the generated electrons flow into the drain 
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region, and the holes flow into the Source region. Some of the 
holes are accumulated in the channel forming region 108 as 
indicated by + in FIG. 1B. By making a potential of the first 
gate electrode 101 lower than the potential Vs of the source 
region, the amount of holes to be accumulated can be con 
trolled and further can be held. 
0050. Further, according to the invention, the cumulative 
amount of holes may be controlled by selecting a plurality of 
different potentials, which are lower than the potential Vs. to 
Supply to the first gate. 
0051. When holes are accumulated, a potential at the first 
gate electrode side of the channel forming region is raised 
corresponding to the cumulative amount of holes, whereby a 
threshold voltage and a drain current of the TFT are changed 
as well. Specifically, the larger the cumulative amount of 
holes are, the higher the threshold voltage is and the larger the 
drain current is. Data can be read out by utilizing the threshold 
Voltage or the drain current which is changed according to the 
impact ionization. Each bit of data may have two states, or 
three or more states. 
0052 Next, a method for controlling a potential of a TFT 
for storing data at each operation is described with reference 
to FIGS 2A to 2D. 
0053 First, an operation in data writing (Program) is 
explained. FIG. 2A shows an example of a circuit diagram of 
a TFT and potentials which are supplied to each part in data 
writing. Note that, shown in FIG. 2A to 2D are examples in 
the case of storing data having two states to a DRAM. 
0054. In writing data, a gate Voltage (referred to as Vgs) 
which is obtained by subtracting a potential Vs of a source 
region from a potential Vfg of a second gate electrode is set 
higher than a threshold voltage Vth of the TFT so as to turn 
ON the TFT. A drain voltage Vds is changed depending on 
whetherholes are accumulated by impactionization or not. In 
the case of accumulating holes by impactionization, the drain 
Voltage Vds is set equal to or higher than a Voltage that causes 
impact ionization (referred to as Viphere) as shown in a left 
diagram of FIG. 2A. On the other hand, in the case of accu 
mulating no holes intentionally, the drain Voltage Vds is set 
lower than the voltage Vipas shown in a right diagram of FIG. 
2A. Then, in either case, a potential Vbg of the first gate 
electrode is kept lower than a potential Vs of the source region 
So as to hold the state of charges in the channel forming 
region. 
0055. In FIG. 2A, it is assumed in the left diagram that 
Vs=0 V. Vd=5 V. Vbg=-5 V, and Vfg=3 V and in the right 
diagram that Vs=0 V. Vd=2 V. Vbg=-5 V, and Vfg=3 V. 
0056 Next, FIG. 2B shows an example of a circuit dia 
gram of a TFT and potentials which are Supplied to each part 
in holding data (Hold) which has been written. In holding 
data, the gate Voltage Vgs is set equal to or Smaller than the 
threshold voltage Vth (VgssVth) so as to hold the written 
data, thereby turning OFF the TFT. In order to keep the state 
of charge without causing impact ionization, Vds is set 
approximately equal to 0, and the potential Vbg of the first 
gate electrode is kept lower than the potential Vs of the source 
region. 
0057. In FIG. 2B, it is assumed that Vs=2 V. Vd=2 V. 
Vbg=-5 V, and Vfg=0 V. 
0058 Next, FIG. 2C shows an example of a circuit dia 
gram of a TFT and potentials which are Supplied to each part 
in reading data (Read) which has been held in FIG. 2B. In 
reading data, the gate Voltage Vgs is set higher than the 
threshold voltage Vth (Vgs>Vth) so as to read out the held 
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data, thereby turning ON the TFT. In order to read out the data 
without causing impact ionization while keeping the State of 
charge, 0<Vds<Vip is satisfied and the potential Vbg of the 
first gate electrode is kept lower than the potential Vs of the 
Source region. 
0059. In FIG. 2C, it is assumed that Vs=0 V, Vd=2 V. 
Vbg-5V, and Vfg3 V. 
0060 Next, a purge operation (Purge) which is performed 
in rewriting or refreshing (Refresh) data is described. An 
example of a circuit diagram of a TFT and potentials which 
are Supplied to each part in purge operation is shown in FIG. 
2D. In purging, the gate Voltage Vgs is set higher than the 
threshold voltage Vth (Vgs>Vth) to release the held charge, 
thereby turning ON the TFT. In order to release charges 
without causing impact ionization, 0<Vds<Vip is satisfied. It 
is to be noted that, the potential Vbg of the first gate electrode 
is desirably set higher than the potentials in writing, holding, 
and reading out data. More desirably, the potential Vbg of the 
first gate electrode is set equal to or higher than the potential 
Vs of the source region (Vbg2Vs) though it is not essential 
since charges can be released when a high potential is Sup 
plied to the potential Vfg even in the case where the potential 
Vbg of the first gate electrode is kept lower than the potential 
Vs of the source region. However, the above setting contrib 
utes to the timesaving of the purge operation. 
0061. In FIG. 2D, it is assumed that Vs=0 V. Vd=2 V. 
Vbg 0 V, and Vfg3 V. 
0062. As described above, a series of operations including 
writing, reading, holding, and purging can be performed by 
using a TFT. It is to be noted that, the specific values of Vs, Vd, 
Vbg, and Vfg shown in FIGS. 2A to 2D are only examples, 
and the invention is not limited to these. 
0063) Next, a method for controlling a potential of a TFT 
which stores data having four states is described with refer 
ence to FIGS 3A to 3G. 
0064. First, an operation in data writing (Program) is 
explained. FIGS. 3A to 3D are examples each showing a 
circuit diagram of a TFT and potentials which are supplied to 
each part in writing data having four states. It is to be noted 
that, shown in FIGS. 3A to 3D are examples where data 
having fours states are stored, however, the state of data is not 
exclusively limited to four, and data may have various states 
Such as three, five, or more. 
0065. In writing data, a gate voltage (referred to as Vgs) 
which is obtained by subtracting a potential Vs of a source 
region from a potential Vfg of a second gate electrode is set 
higher than a threshold voltage Vth of the TFT so as to turn 
ON the TFT in all the circuits shown in FIGS 3A to 3D 
regardless of a content of data. 
0066. A drain voltage Vds is changed depending on 
whetherholes are accumulated by impactionization or not. In 
the case of accumulating holes by impactionization, the drain 
Voltage Vds is set equal to or higher than a Voltage that causes 
impact ionization (referred to as Viphere) as shown in FIGS. 
3A to 3C. On the other hand, in the case of accumulating no 
holes intentionally, the drain voltage Vds is set lower than the 
voltage Vipas shown in FIG. 3D. 
0067. Then, in all the circuits shown in FIGS. 3A to 3D, a 
potential Vbg of the first gate electrode is kept lower than a 
potential Vs of the source region so as to hold the state of 
charge in the channel forming region. Further, according to 
the invention, each potential Vbg of the first gate electrode is 
changed in FIGS. 3A to 3C so that the cumulative amount of 
holes in each figure may be different from each other. Spe 
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cifically, it is set in the following manner: the potential Vbg of 
the first gate electrode in FIG. 3A is set to be the lowest, FIG. 
3B to be the second lowest, and FIG. 3C to be the highest of 
the three figures. Therefore, the cumulative amount of 
charges are larger in the order of FIG. 3C, FIG.3B, and FIG. 
3A. 

0068. In FIG. 3A, it is assumed that Vs=0 V. Vd=5 V. 
Vbg=-8 V, and Vfg=3 V. In FIG.3B, it is assumed that Vs=0 
V. Vd=5V, Vbg=-6V, and Vfg=3V. In FIG.3C, it is assumed 
that Vs=0 V, Vd=5 V, Vbg=-4V, and Vfg=3 V. In FIG. 3D, it 
is assumed that Vs=0 V, Vd=5 V, Vbg=-4V, and Vfg=3 V. 
0069. It is to be noted that, in the normal memory cell 
array, in which memory cells in the same row are connected to 
a common word line, data writing is performed over a plural 
ity of times for every different data. That is, when the states of 
FIGS. 3A, 3B, 3C, and 3D are referred to as “3”, “2, “1”, and 
“O'” in this order for example, a potential of a memory cell to 
which “1” is written is set at the state of FIG. 3C, and other 
cells are kept at the state of FIG. 3D (Vbg -4V). Similarly, 
a potential of a memory cell to which '2' is written is set at the 
state of FIG. 3B, and other memory cells are kept at the state 
of FIG. 3D (Vbg=-6 V). Further, a potential of a memory cell 
to which '3' is written is set at the state of FIG. 3A, and other 
memory cells are kept at the state of FIG. 3D (Vbg=-8 V). In 
this manner, all the memory cells can be written with the 
predetermined states. It is to be noted that, the writing order is 
not exclusively limited to the order of “1” to “3”. 
0070 FIG.3E shows an example of a circuit diagram of a 
TFT and potentials which are supplied to each part in holding 
data (Hold), which has been written in FIGS. 3A to 3D. In 
holding data, the gate Voltage Vgs is set equal to or lower than 
the threshold voltage Vth (VgssVth) so as to hold the written 
data, thereby turning OFF the TFT. In order to hold the state 
of charge without causing impact ionization, Vds is set 
approximate equal to 0, and the potential Vbg of the first gate 
electrode is kept equal to or lower than the potential in data 
writing. 
(0071. In FIG. 3E, it is assumed that Vs=2 V. Vd=2 V. 
Vbg=-8 V, and Vfg-OV to enable data holding regardless of 
the cumulative amount of holes after writing. 
0072 FIG.3F shows an example of a circuit diagram of a 
TFT and potentials which are Supplied to each part in reading 
data (Read), which has been held in FIG.3E. In reading data, 
the gate Voltage Vgs is set higher than the threshold Voltage 
Vth (Vgs>Vth) so as to read the data which has been held, 
thereby turning ON the TFT. In order to hold the state of 
charge without causing impactionization, 0<Vds<Vip is sat 
isfied and the potential Vbg of the first gate electrode is kept 
equal to or lower than the potential in data writing. 
0073. By applying such voltages in the above manner, the 
held data can be read out according to the a threshold Voltage 
of a TFT, which is determined by the cumulative amount of 
holes, and further to the difference between drain currents or 
on-resistance. Note that, it is also possible to perform reading 
of multi-state data through a plurality of times. 
0074. In FIG. 3F, it is assumed that Vs=0 V. Vd=2 V. 
Vbg=-8 V, and Vfg=3 V. 
0075) Next, purge operation (Purge) which is performed in 
rewriting or refreshing (Refresh) data is described. An 
example of a circuit diagram of a TFT and potentials which 
are Supplied to each part in purge operation is shown in FIG. 
3G. In purging, the gate Voltage Vgs is set higher than the 
threshold voltage Vth (Vgs>Vth) to release the held charges, 
thereby turning ON the TFT. In order to release charges 
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without causing impact ionization, 0<Vds<Vip is satisfied. It 
is to be noted that, the potential Vbg of the first gate electrode 
is desirably set higher than the potentials in writing, holding, 
and reading out data. More desirably, the potential Vbg of the 
first gate electrode is set equal to or higher than the potential 
Vs of the source region (Vbg2Vs) though it is not essential 
since charges can be released when a high potential is Sup 
plied to the potential Vfg even in the case where the potential 
Vbg of the first gate electrode is kept lower than the potential 
Vs of the source region. However, the above setting contrib 
utes to the timesaving of purge operation. 
0076. In FIG. 3G, it is assumed that Vs=0 V. Vd=2 V. 
Vbg 0 V, and Vfg3 V. 
0077. As described above, a series of operations including 
writing, reading, holding, and purging can be performed by 
using a TFT. Also, data having multiple states can be stored by 
selecting a plurality of values for the potential Vbg of the first 
gate electrode, therefore, 2-bit data such as 11, 10, 01, 
and '00', for example, can be stored in one memory cell. It is 
to be noted that, the specific values of Vs, Vd, Vbg, and Vfg 
shown in FIGS.3A to 3G are only examples, and therefore the 
invention is not limited to these. 
0078. In DRAM, a plurality of memory cells each having 
the above-described TFT are disposed in a memory cell array 
in practice. Referring now to FIGS. 4A and 4B, each of the 
above-described operations in a memory cell array compris 
ing a plurality of memory cells is described. 
0079 First, an example of wiring connections between 
each memory cell is shown in FIG. 4A. FIG. 4A shows a 
circuit diagram of a cell array having four memory cells 
(Cell1, Cell2, Cell3, and Cell4), each of which comprises a 
TFT 200 for storing data. Although four memory cells are 
disposed in a memory cell array in FIG. 4A, the number of 
memory cells is, needless to mention, not limited to this. 
0080. The TFT 200 in each memory cell receives poten 

tials Vbg and Vfg from two word lines WLb and WLf respec 
tively, a potential Vd from a bit line BL, and a potential Vs 
from a source line SL. Note that, the layout of each wiring is 
not limited to the configuration shown in FIG. 4A. 
I0081 Specifically, In FIG. 4A, the memory cell (Cell1) 
corresponds to word lines WLb1 and WLif1, a bit line BL1. 
and a source line SL1, and the memory cell (Cell2) corre 
sponds to the word lines WLb1 and WLif1, a bit line BL2, and 
the source line SL1. Further, the memory cell (Cell3) corre 
sponds to word lines WLb2 and WLif2, the bit line BL1, and 
a source line SL2, and the memory cell (Cell4) corresponds to 
the word lines WLb2 and WLif2, the bit line BL2, and the 
source line SL2. 
I0082 FIG. 4B shows an example of a timing chart in 
which the memory cells (Cell1) and (Cell2) in the first row are 
refreshed. Although the relationship between the potentials 
Vs, Vd, Vbg, and Vfg which are supplied to each memory cell 
during each period is shown with reference to FIGS. 2A to 2D 
here, FIGS. 3A to 3G may be referred as well. 
I0083) Refresh operation is carried out in order to prevent 
data, which is stored in a memory cell, from being lost as the 
time passes. Specifically, during refresh operation, data 
which is stored in the memory cell is, after being read out 
once, rewritten into the same memory cell. Refresh operation 
needs to be carried out periodically. According to the inven 
tion, the period is determined based on the cumulative amount 
of holes which are held in a channel forming region of a 
transistor. Refresh operation according to the invention is 
performed through a series of operations such as reading, 
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purging, and writing. Purge operation is an operation in which 
holes accumulated in a channel forming region of a transistor 
are all released, thereby resetting the state of a memory cell. 
0084 Purge operation (refresh operation including purge 
operation) according to the invention is performed at the same 
time in the memory cells which use the word line WLb in 
common, namely in one row of memory cells. On the other 
hand, writing and reading can be individually performed in 
each memory, or in one row of memory cells at the same time 
in the same manner as the purge operation. Therefore, accord 
ing to the invention, reading and writing are performed per bit 
in accordance with a bus width, or per row of memory cells 
and the like, while refresh operation is performed per row of 
memory cells. In addition, as the storage of data having mul 
tiple states is sensitive to stress, it is preferable that writing 
and reading are performed per row of memory cells as well. 
0085 Data, which is firstly read out, is once stored in a 
latch circuit (not shown), and then rewritten into a memory 
cell after purging. In this embodiment mode, data is written so 
that the memory cell (Cell1) will have a state in which no 
holes are accumulated (the “0” state), and the memory cell 
(Cell2) will have a state in which holes are accumulated (the 
“1” state). It is to be noted that, in writing, a potential supplied 
to the memory cell (Cell4) is also changed by the BL2 (stress 
in writing), and what is important here is that a potential is set 
so that the holes accumulated in the memory cell (Cell4) are 
not influenced due to the potential change. 
I0086. It is also to be noted that, when writing data imme 
diately after turning ON the switch, there may be cases where 
charges are already accumulated due to heat, static electricity, 
or the like, therefore, data is desirably written after purging. 
0087 Next, a method for fabricating a light emitting 
device in which an integrated circuit mounting a DRAM and 
a pixel portion are formed on the same Substrate is described. 
Here, an example of a TFT for controlling a current supply to 
an OLED is described in addition to a DRAM mounted on an 
integrated circuit. 
0088 First, as shown in FIG.5A, a first electrode 302 of a 
DRAM of the invention is formed on an insulating surface of 
a substrate 301. The first electrode 302 can be formed by 
using one or a plurality of types of conductive materials 
selected from a group consisting of aluminum (Al), tungsten 
(W), molybdenum (Mo), titanium (Ti) and tantalum (Ta). 
Although W is employed in this embodiment mode, W 
stacked on TaN may be used as well to form the first electrode 
302. Further, not only a single layer structure, but also a 
multi-layer structure can be employed. 
0089. A glass substrate such as barium borosilicate glass 
and alumino borosilicate glass, a quartz. Substrate, a ceramic 
substrate, and the like may be used as the substrate 301. Also, 
a metal substrate including stainless (SUS) substrate or a 
silicon Substrate formed with an insulating film on its Surface 
may be used as the substrate 301. Further, although a sub 
strate formed from a synthetic resin having flexibility, such as 
a plastic Substrate, generally has a lower heat resistance tem 
perature as compared to the Substrates described above, it is 
possible to use the synthetic resin Substrate as long as it can 
withstand the processing temperatures in the manufacturing 
steps. 
0090 Next, a first insulating layer 303 is formed so as to 
cover the first electrode 302. In this embodiment mode, the 
first insulating layer 303 has a laminated structure of a first 
insulating layer A 303a and a first insulating layer B 303b. 
The first insulating layer A303a is formed of a silicon oxyni 
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tride film with a thickness of 10 to 50 nm. The first insulating 
layer B 303b is formed of a silicon oxide film or a silicon 
oxynitride film with a thickness of 0.5 to 1 lum. It is to be noted 
that, the structure of the first insulating layer 303 is not exclu 
sively limited to this, and it may be formed of a single layer 
film, or a multi-layer film having three layers or more. In 
addition, materials are not limited to the above. 
(0091. The surface of the first insulating layer 303 (surface 
of the first insulating layer B 303b here) may have irregulari 
ties due to the previously formed first electrode 302. In this 
case, it is desirable to provide a step for flattening the sub 
strate. In this embodiment mode, flattening is carried out by 
means of CMP (Chemical Mechanical Polishing). For a pol 
ishing agent (slurry) of CMP with respect to the first insulat 
ing layer 303, for example, a slurry in which fumed silica 
particles obtained by thermally decomposing silicon chloride 
gas are dispersed in a KOH-added aqueous Solution may be 
used. By CMP, the first insulating layer is removed by about 
0.1 to 0.5um so as to make the surface flat. 
0092 Next, an amorphous semiconductor layer 304 hav 
ing a film thickness of 50 nm is formed on the first insulating 
layer 303 by plasma CVD (Chemical Vapor Deposition). It is 
desirable that, although depending upon its hydrogen content, 
the amorphous semiconductor layer 304 is heated at 400 to 
550°C. for several hours to be dehydrogenated, and crystal 
lized with the hydrogen content of 5 atom 96 or less. More 
over, the amorphous semiconductor layer may be formed by 
other methods such as sputtering and vapor deposition, how 
ever, it is desirable that impurity elements such as oxygen and 
nitrogen contained in the film have been previously and Suf 
ficiently reduced. 
0093. It is to be noted that, not only silicon but also silicon 
germanium, for example, can be used for the semiconductor 
layer. When silicon germanium is used, it is desirable that the 
density of germanium is on the order of 0.01 to 4.5 atom 96. 
0094. It is also to be noted that, when forming both of the 

first insulating layer 303 and the amorphous semiconductor 
layer 304 by plasma CVD, these films may be formed in 
Succession without being exposed to the atmosphere. By 
forming the films in Succession, contamination to the Surfaces 
of the films by atmosphere can be prevented to the utmost, 
thereby reducing the variations in characteristics of a to be 
formed. 
0.095 Subsequently, a catalytic is doped to the amorphous 
semiconductor layer 304. In this embodiment mode, a nickel 
acetate solution containing 1 to 100 ppm of nickelby weight 
is applied by a spinner. In order to improve hydrophilic to the 
nickel acetate solution, it may be carried out that the Surface 
of the amorphous semiconductor layer 304 is processed with 
oZone containing aqueous solution to form a quite thin oxide 
film, then the oxide film is etched with mixed solution of 
Sulfuric acid and aqueous hydrogen peroxide to clean off the 
Surface, and OZone containing aqueous Solution is again used 
to form another quite thin oxide film. Since a surface of a 
semiconductor layer is originally hydrophobic, the formation 
of the oxide film in the above manner makes it possible to 
apply nickel acetate solution uniformly (FIG. 5A). 
0096. It is needless to mention that, doping of a catalyst to 
the amorphous semiconductor layer is not limited to the 
above method, and sputtering, vapor deposition, plasma pro 
cessing and the like may also be employed. 
(0097. Next, heat treatment is applied at 500 to 650° C. for 
4 to 24 hours, for example, at 570° C. for 14 hours. By 
performing heat treatment, crystallization is promoted by a 
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nickel-containing layer 305, thus a semiconductor layer with 
enhanced crystallinity is formed. 
0098. As means of the heat treatment, furnace annealing 
with an electric furnace or RTA (Rapid Thermal Annealing) 
may be employed. Although a halogen lamp, a metal halide 
lamp, a Xenon arc lamp, a carbon arc lamp, a high-pressure 
Sodium lamp, a high-pressure mercury lamp, or the like is 
generally used in RTA, gas-heating type RTA, which uses 
heated inert gas, may also be employed. 
0099. In the case of using RTA, a light source of a lamp for 
heating is turned ON for 1 to 60 seconds, preferably for 30 to 
60 seconds, and this operation is repeated once to 10 times, 
preferably, 2 to 6 times. Although light intensity of the light 
Source of the lamp is optional, it is necessary that the amor 
phous semiconductor layer 304 be heated instantaneously at 
a temperature of 600 to 1000° C., preferably, 650 to 750° C. 
Even if the temperature is quite high as above, only the 
semiconductor layer is instantaneously heated, and the Sub 
strate 301 is not deformed. 
0100. In the case of using furnace annealing, heat treat 
ment is performed at 500° C. for 1 hour to discharge hydrogen 
contained in the amorphous semiconductor layer 304 before 
the heat treatment for crystallization. Then, heat treatment is 
performed by using an electric furnace in a nitrogen atmo 
sphere at 550 to 600° C., preferably at 580° C., for 4 hours to 
crystallize the amorphous semiconductor layer 304. 
0101 Although nickel (Ni) is used as the catalytic element 
in this embodiment mode, an element such as germanium 
(Ge), iron (Fe), palladium (Pa), tin (Sn), lead (Pb), cobalt 
(Co), platinum (Pt), copper (Cu), and gold (Au) may be 
adopted. 
0102 Described next is gettering of the catalytic element 
existing within a crystalline semiconductor layer 306. It is 
considered that the catalytic element (nickel here) remains 
with a concentration over 1x10" atoms/cmon average in the 
crystalline semiconductor layer 306 after the crystallization 
with the catalytic element. Since there is a possibility of a bad 
influence brought on TFT characteristics if the catalytic ele 
ment remains, it is necessary to provide a process for reducing 
the concentration of the catalytic element. 
0103 Various types of gettering can be employed, and, 
described in this embodiment mode is an example of gettering 
which is performed before patterning the crystalline semicon 
ductor layer 306. First, a barrier layer 307 is formed on the 
surface of the crystalline semiconductor layer 306 as shown 
in FIG. 5B. The barrier layer 307 is provided in order to 
prevent the crystalline semiconductor layer 306 from being 
etched in later removing a gettering site. 
0104. A thickness of the barrier layer 307 is set on the 
order of 1 to 10 nm, and chemical oxide which is formed by 
processing with OZone water may be used as the barrier layer 
as well. Further, chemical oxide can also be formed by pro 
cessing with an aqueous solution in which an acid such as 
sulfuric acid, hydrochloric acid, or nitric acid is mixed with 
aqueous hydrogen peroxide. As another method, plasma 
treatment may be performed in an oxidizing atmosphere, or 
oxidation treatment may be performed, in which oZone is 
generated by irradiating ultraviolet light in an oxygen-con 
taining atmosphere. In addition, a clean oven may also be 
used for heating the film at a temperature on the order of 200 
to 350° C. to form a thin oxide film as a barrier layer. Fur 
thermore, an oxide film with a thickness on the order of 1 to 
5 nm may also be deposited as a barrier layer by plasma CVD. 
sputtering, vapor deposition, and the like. In either case, a 
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film, through which the catalytic element is capable of mov 
ing to the gettering site in the step of gettering and no etchant 
soaks in the step of removing the gettering site (a film which 
protects the crystalline semiconductor layer 306 from the 
etchant), for example, Such as a chemical oxide film formed 
by processing with OZone water, a silicon oxide film (SiOx), 
and a porous film may be used. 
0105 Next, as a gettering site 308, a semiconductor layer 
for gettering (typically, an amorphous silicon film) contain 
ing an inert gas element at a concentration of 1x10' atoms/ 
cm or more is formed on the barrier layer 307 by sputtering 
to have a film thickness of 25 to 250 nm. It is desirable that the 
gettering site 308 which is to be later removed is formed to 
have a low density in order to obtain a large etching selectivity 
ratio to the crystalline semiconductor layer 306. 
0106. It is to be noted that an inert gas element which itself 

is inert in a semiconductor film has no bad influence on the 
crystalline semiconductor layer 306. As an inert gas element, 
one or a plurality of elements selected from the group con 
sisting of helium (He), neon (Ne), argon (Ar), krypton (Kr), 
and Xenon (Xe) are used. 
0107 Next, heat treatment with furnace annealing or RTA 

is performed to achieve gettering (FIG. 5B). In the case of 
using furnace annealing, heat treatment is performed in a 
nitrogen atmosphere at 450 to 600° C. for 0.5 to 12 hours. In 
the case of using RTA, a light source of a lamp for heating is 
turned on for 1 to 60 seconds, preferably for 30 to 60 seconds, 
and this operation is repeated 1 to 10 times, preferably, 2 to 6 
times. Although light intensity of the light source of the lamp 
is optional, it is necessary that the semiconductor layer be 
heated instantaneously at a temperature of 600 to 1000° C. 
preferably, 700 to 750° C. 
0108. According to the above heat treatment, the catalytic 
element in the crystalline semiconductor layer 306 is released 
by thermal energy and moved to the gettering site 308 by 
diffusion as shown by arrows. Thus, gettering depends upon 
the processing temperature and the higher the temperature is, 
the faster gettering proceeds. 
0109. After the completion of the gettering step, the get 
tering site 308 is selectively etched to be removed. As a means 
of etching, there is given dry etching which does not utilize 
ClF plasma, or wet etching with an alkaline Solution Such as 
hydrazine or an aqueous solution containing tetraethyl-am 
monium-hydroxide (chemical formula: (CH)NOH)). At 
this time, the barrier layer 307 functions as an etching stopper. 
After that, the barrier layer 307 is removed with hydrofluoric 
acid (FIG.5C). 
0110. After removing the barrier layer 307, the crystalline 
semiconductor layer 306 is patterned to form island-shaped 
semiconductor films 309 and 310 (FIG. 5D). The semicon 
ductor layers 309 and 310 are formed to have a thickness on 
the order of 25 to 100 nm (preferably from 30 to 60 nm). 
Subsequently, a second insulating layer 311 is formed so as to 
cover the semiconductor layers 309 and 310. The film thick 
ness of the second insulating layer 311 is reduced by on the 
order of 10 to 20 nm during later dry etching for forming a 
second gate electrode, therefore it is desirable that the film 
thickness of the second insulating layer 311 be set by taking 
the reduction into account. Specifically, the second insulating 
layer 311 is formed to have a thickness on the order of 40 to 
150 nm (preferably from 60 to 120 nm). 
0111 Silicon oxide, silicon nitride, silicon nitride oxide, 
and the like can be used for the second insulating layer 311, 
for example. Although the second insulating layer 311 has a 
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single layer structure in this embodiment mode, it may have a 
laminated structure of two or more insulating layers. Further, 
plasma CVD. Sputtering, and the like can be used as the 
deposition method. For example, silicon oxide is deposited by 
plasma CVD to form the second insulating layer 311, the 
deposition may be performed by using a mixed gas of tetra 
ethyl orthosilicate (TEOS) and O, at a reaction pressure of 40 
Pa, a substrate temperature of 300 to 400° C., and an RF 
power density (13.56 MHz) of 0.5 to 0.8 W/cm. 
0112 Further, aluminum nitride can also be used as the 
second insulating layer 311. The thermal conductivity coef 
ficient of aluminum nitride is relatively high, and heat gener 
ated in the TFT can be dissipated efficiently. Further, an 
insulating layer on which aluminum nitride is laminated after 
forming silicon oxide, silicon oxynitride, or the like, which 
contain no aluminum, may also be used as the second insu 
lating layer 311. 
0113. Next, a conductive layer is formed over the second 
insulating layer 311 (FIG. 5E). In this embodiment mode, a 
first conductive layer 312a comprising TaN is formed with a 
thickness of 20 to 100 nm, and a second conductive layer 
312b comprising W is formed with a thickness of 100 to 400 
nm. Specifically, the first conductive layer 312a of TaN is 
formed at a deposition speed of about 40 nm/min. This is 
achieved by using a Tatarget having a purity of 99.99%, with 
an internal chamber temperature set at a room temperature, a 
gas flow rate for Arset at 50 ml/min, a gas flow rate for N set 
at 10 ml/min, an internal chamber pressure set at 0.6 Pa, and 
a deposition power set at 1 kW. Further, the second conduc 
tive layer 312b of W is formed at a deposition speed of 
approximately 390 nm/min. This is achieved by using a W 
target having a purity of 99.99%, with an internal chamber 
temperature set at 230°C., a gas flow rate for Arset at 100 
ml/min, an internal chamber pressure set at 1.5 Pa, and a 
deposition power set at 6 kW. 
0114 Described in this embodiment mode is an example 
in which the second electrode is formed by using a bilayer 
conductive film, however, a single layer structure or a multi 
layer structure having three or more layers may also be 
adopted. In addition, a material for each layer is not exclu 
sively limited to the one shown in this embodiment mode. 
0115 Specifically, for each conductive layer, an element 
selected from the group consisting of Ta, W, Ti, Mo, Al, and 
Cu, or alloys or chemical compounds having one of these 
elements as its main component may be used. For example, a 
gate electrode in which Ta is used in the first layer and W in 
the second layer, a gate electrode in which TaN is used in the 
first layer and Al in the second layer, and a gate electrode in 
which TaN is used in the first layer and Cu in the second layer 
can all be considered. Also, a gate electrode in which an 
Ag Pd Cu alloy is used in either the first layer or the 
second layer may be used. A three-layer structure in which W. 
an alloy of Al and Si (Al Si), and TiN are laminated in 
sequence may also be employed. Further, tungsten nitride 
may be used as a substitute for W. an alloy of Al and Ti 
(All Ti) may be used as a substitute for the alloy of Aland Si 
(Al Si), and Timay be used as a substitute for TiN as well. 
However, when forming a plurality of conductive layers, 
materials that have mutual etching selectivity ratio to each 
other are used in order to make differences in the width of the 
gate electrode in the channel length direction between each of 
the conductive layers. 
0116 Note that, it is very important to select optimal gas 
according to the materials used for conductive layers. 
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0117. As shown in FIG. 6A, a mask314 is formed next and 
etching is performed on the first conductive layer 312a and 
the second conductive layer 312b (first etching process). 
Etching is performed by using inductively coupled plasma 
(ICP) etching in this embodiment mode. A mixed gas of Cl, 
CF, and O is used as an etching gas, and pressure of the 
etching gas within the chamber is set at 1.0 Pa. An RF power 
(13.56 MHz) of 500 W is applied to a coil shape electrode, 
thereby generating plasma. Further, an RF power (13.56 
MHz) of 150 W is applied to a stage (lower electrode) on 
which the Substrate is placed, thus applying a self-bias Volt 
age to the Substrate. The etching gas is then changed to a 
mixture of C1 and CF, and the total pressure is set at 1.0 Pa. 
Further, an RF power (13.56MHz) of 500 W is applied to the 
coil shape electrode, and an RF power (13.56MHz) of 20 W 
is applied to the Substrate side (test piece stage). 
0118. The etching rate of TaN, of which the first conduc 
tive layer 312a is formed, and the etching rate of W. of which 
the second conductive layer 312b is formed, become nearly 
equal to each other when CF and Clare used as the etching 
gas, and both can undergo etching to the same level. 
0119. According to the first etching process, a first shape 
conductive layer 315 which is structured by a lower layer 
315a and an upper layer 315b, and a first shape conductive 
layer 316 which is structured by a lower layer 316a and an 
upper layer 316b are formed. Note that, each sidewall of the 
lower layers 315a and 316b and of the upper layers 315b and 
316b take on a slightly tapered shape in the first etching 
process. Further, when etching is performed so that no con 
ductive film residue remains, a surface of the gate insulating 
layer 311 that is not covered with the first shape conductive 
layers 315 and 316 may undergo etching on the order of 5 to 
10 nm or more. 

0.120. Then, as shown in FIG. 6B, etching is performed on 
the first shape conductive layers 315 and 316 by using the 
mask 314 which has already been etched its surface and thus 
has become smaller in width by the first etching process 
(second etching process). The second etching process also 
employs ICP etching as the first etching process. A mixed gas 
of SF, Cl, and O is used as an etching gas, and pressure of 
the etching gas within the chamber is set at 1.3 Pa. An RF 
power (13.56 MHz) of 700 W is applied to a coil shape 
electrode, generating plasma. Further, an RF power (13.56 
MHz) of 10W is applied to a stage (lower electrode) on which 
the Substrate is placed, thereby applying a self-bias Voltage to 
the substrate. 

I0121. An etching rate of Wis increased and an etching rate 
of TaN, which forms the lower layers 315b and 316b of the 
first shape conductive layers 315 and 316 respectively, is 
extremely reduced when O, is added to the mixed gas of SF 
and Cl. Higher selectivity ratio (ratio of an etching rate of W 
to an etching rate of TaN) can therefore be achieved. 
0122. According to the second etching process, a second 
shape conductive layer317 (structured by a lower layer317a 
and an upper layer 317b), and a second shape conductive 
layer 318 (structured by a lower layer 318a and an upper layer 
318b) are formed. The width of the upper layers 317b and 
318b in the channel length direction is shorter than the width 
of the lower layers 317a and 317b. The second shape conduc 
tive layer 317 functions as a second gate electrode of a 
DRAM, and the second shape conductive layer 318 functions 
as a gate electrode of a TFT for controlling current Supply to 
an OLED. Further, a surface of the second insulating layer 
311 that is not covered with the second shape conductive films 
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317 and 318 undergoes etching on the order of 5 to 10 nm or 
more by the second etching process. 
0123. Next, as shown in FIG. 6B, impurities that impart 
n-type conductivity are added to the semiconductor layers 
309 and 310 using the second shape conductive layers 317 
and 318 as masks (first doping process). Doping is performed 
by ion implantation with a dose amount of 1x10" to 5x10' 
atoms/cm, and an acceleration voltage of 40 to 80 kV. Group 
5 elements such as P, AS, and Sb, and group 6 elements such 
as S, Te, and Se, which all function as donors, may be used as 
the impurity elements that impart n-type conductivity. In this 
embodiment mode, P is employed. By the first doping pro 
cess, first impurity regions 320 and 321 are formed in a 
self-aligning manner. Impurity elements that impart n-type 
conductivity are doped into the first impurity regions 320 and 
321 at a concentration range of 1x10' to 1x10' atoms/cm. 
0124. A second doping process is performed next as 
shown in FIG. 6C, using the upper layers 317b and 318b of the 
second shape conductive layers 317 and 318 as masks. The 
acceleration Voltage used in the second doping process is set 
higher than that used in the first doping process to make the 
impurities pass through the lower layers 317a and 318a of the 
second shape conductive layers 317 and 318. The second 
doping process forms an LDD region, and therefore the dose 
amount of the n-type impurities are set lower than that used in 
the first doping process. Specifically, the acceleration Voltage 
is set from 60 to 120 kV, and the dose amount is set from 
1x10' to 1x10" atoms/cm. 
0.125 A third doping process is performed next at an accel 
eration Voltage set lower than that used in the second doping 
process in order to obtain the state shown in FIG. 6C. The 
acceleration voltage is set from 50 to 100 kV, and the dose 
amount is set from 1x10" to 1x10'7 atoms/cm in the third 
doping process. Through the second and third doping pro 
cesses, second impurity regions 322 and 323 which overlap 
with the lower layers 317a and 318a of the second shape 
conductive layers 317 and 318 respectively are formed, and 
further third impurity regions 324 and 325 are formed by 
doping more impurities into the first impurity regions 320 and 
321. The n-type impurities are doped into the second impurity 
regions 322 and 323 at a concentration range of 1x10" to 
5x10" atoms/cm, and the n-type impurities are doped into 
the third impurity regions 324 and 325 at a concentration 
range of 1x10" to 5x10' atoms/cm. 
0126 The second impurity regions 322 and 323 are 
formed inside the third impurity regions 324 and 325. The 
second impurity regions 322 and 323 function as LDD 
regions, and the third impurity regions 324 and 325 function 
as a source or a drain region. 
0127. Needless to say, it is also possible to form a low 
concentration impurity region and a high concentration impu 
rity region by integrating the second doping process and the 
third doping process into one which is performed at a Suitable 
acceleration Voltage. 
0128. It is to be noted that, as the island-shaped semicon 
ductor layer 310 on which a p-channel TFT is formed does not 
need to be doped with n-type impurities through the second 
and third doping processes shown in FIGS. 6B and 6C, it may 
be covered with a mask during the doping processes of n-type 
impurities. In addition, it is also possible not to provide masks 
for the purpose of reducing the number of masks, and increase 
the concentration of the p-type impurities, thereby inverting 
the polarity of the island-shaped semiconductor layer into p 
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type. Described in this embodiment mode is an example in 
which a polarity of the island-shaped semiconductor layer is 
inverted into p-type. 
I0129. As shown in FIG. 6D, by covering the n-channel 
island-shaped semiconductor layer 309 with a mask 326 
including resist, p-type impurities are doped into the island 
shaped semiconductor layer 310 (fourth doping process). In 
the fourth doping process, the upper layers 317b and 318b of 
the second shape conductive layers 317 and 318 function as 
masks, thereby forming a fourth impurity region 327 where 
p-type impurity elements are doped into the island-shaped 
semiconductor layer 310 which is used for a p-channel TFT. 
In this embodiment mode, ion doping using diborane (BH) 
is employed. As for the fourth impurity region, the concen 
tration of the n-type impurity region and that of the p-type 
impurity region are different in the overlapping region of the 
lower layers 317a and 318a of the second shape conductive 
layers 317 and 318 and in the other region. However, in either 
region, by doping p-type impurity elements at a concentration 
range of 2x10' to 2x10' atoms/cm, the p-type conductivity 
becomes dominant, thus the fourth impurity region can func 
tion as a Source region and a drain region of a p-channel TFT 
without causing problems. 
0.130 By means of the above-described steps, impurity 
regions are formed in each of the island-shaped semiconduc 
tor layers. 
I0131 Next, a first interlayer insulating layer 330 is formed 
so as to cover the inland-shaped semiconductor layers 309 
and 310, the second insulating layer 311, and the second 
shape conductive layers 317 and 318 (FIG. 7A). An insulating 
film comprising silicon Such as silicon oxide, silicon nitride, 
and silicon oxynitride may be used as the first interlayer 
insulating layer 330, and the film thickness is set to be about 
100 to 200 nm. 

0.132. Next, heat treatment is performed so as to activate 
the impurity elements doped into the island-shaped semicon 
ductor layers 309 and 310. This step can be performed by 
thermal annealing using an annealing furnace, laser anneal 
ing, or rapid thermal annealing (RTA). For example, when 
performing activation by thermal annealing, it is performed at 
a temperature of 400 to 700° C. (preferably from 500 to 600° 
C.) under a nitrogen atmosphere containing oxygen at a con 
centration of 1 ppm or less, preferably 0.1 ppm or less. In 
addition, heat treatment is performed at 300 to 450° C. for 1 
to 12 hours in an atmosphere containing hydrogen by 3 to 
100%, thus performing hydrogenation of the island-shaped 
semiconductor layer. This process is performed in order to 
terminate dangling bonds in the semiconductor layer by using 
thermally excited hydrogen. Plasma hydrogenation (using 
hydrogen excited by plasma) may also be employed as 
another means of hydrogenation. Further, the activation may 
also be performed before forming the first interlayer insulat 
ing layer 330. 
I0133. In accordance with the series of steps described 
above, an n-channel TFT 331 which is used as a DRAM and 
a p-channel TFT 332 which controls the current supply to an 
OLED can be formed. 
I0134. Although the second impurity region 322 which 
functions as an LDD region wholly overlaps with the lower 
layers 317a and 318a of the second shape conductive layers 
317 and 318 in this embodiment mode, the invention is not 
limited to this structure. For example, by performing doping 
between the first etching process and the second etching 
process, a source or a drain region is formed, and further the 
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lower layer is etched to have a shorter channel length in the 
channel length direction by the second etching process. 
Accordingly, it becomes possible to form both regions that 
overlap with the lower layers 317a and 318a of the second 
shape conductive layers 317 and 318 and other regions that do 
not overlap. 
0135) It is to be noted that, the plasma etching process 
described above is not limited to ICP etching. For example, 
electron cyclotron resonance (ECR) etching, RIE etching, 
helicon wave etching, helical resonance etching, pulse modu 
lation etching, and other plasma etching may also be used. 
0.136 Although only the crystallization by a catalytic ele 
ment is exemplified in this embodiment mode, the invention 
is not limited to this. It is also possible to perform laser light 
irradiation of pulse oscillation in order to enhance crystallin 
ity after the completion of the crystallization by a catalytic 
element. In addition, the gettering step of the invention is not 
limited to the one shown in this embodiment mode. Other 
methods may also be employed so as to reduce catalytic 
elements in the semiconductor layer. For example, catalytic 
elements may be removed by utilizing a gettering action of 
phosphorus as disclosed in Japanese Patent Application Laid 
open No. Hei10-135468 or Hei10-135469. 
0.137 Next, a second interlayer insulating layer 333 and a 
third interlayer insulating layer 334 are formed so as to cover 
the first interlayer insulating layer 330. In this embodiment 
mode, an organic resin Such as non-photosensitive acryl is 
used for the second interlayer insulating layer 333. For the 
third interlayer insulating layer 334, a film that allows with 
difficulty, in comparison with other insulating layers, trans 
mitting Substances such as moisture and oxygen that may 
cause the deterioration of the OLED is used. Typically, a DLC 
film, a carbon nitride film, a silicon nitride film formed by 
means of RF sputtering, and the like may be preferably used. 
0.138. Subsequently, by etching the second insulating 
layer 311, the first interlayer insulating layer 330, the second 
interlayer insulating layer 333, and the third interlayer insu 
lating layer 334, contact holes are formed. Then, wirings 335 
to 338 which are in contact with the island-shaped semicon 
ductor layers 309 and 310 are formed. 
0.139. By forming a transparent conductive layer, covering 
the third interlayer insulating layer 334 and the wirings 335 to 
338, and then patterning it, a pixel electrode (anode) 340 
which is connected to the wiring 338 in contact with the 
island-shaped semiconductor layer 310 of the p-channel TFT 
332 is formed (FIG. 7B). For the pixel electrode 340, a trans 
parent conductive film provided by mixing 2 to 20% of zinc 
oxide (ZnO) with indium oxide may be used as well as ITO. 
The pixel electrode 340 may be wiped and polished with 
CMP by using a PVA (polyvinyl alcohol) porous body to level 
off the surface. Also, after polishing the surface of the pixel 
electrode 340 by CMP, it may be subjected to ultraviolet ray 
irradiation or oxygen plasma treatment and the like. 
0140. Then, an organic resin layer 341 which is used as a 
bank is formed on the third interlayer insulating layer 334. 
The organic resin layer 341 is formed to have an opening in 
the overlapping region with the pixel electrode 340. The 
organic resin layer 341, before a light emitting layer is 
formed, is heated in a vacuum atmosphere in order to remove 
absorbed moisture and oxygen. Specifically, heat treatment is 
applied in a vacuum atmosphere at a temperature of 100 to 
200° C. for substantially about 0.5 to 1 hour. The vacuum is 
desirably set at 3x107 Torr or less, and if possible, at 3x10 
Torr or less. In the case of depositing a light emitting layer 
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after applying heat treatment onto the organic resin layer 341 
in the vacuum atmosphere, the reliability can be further 
heightened by maintaining the light emitting layer in the 
vacuum atmosphere until immediately before the deposition. 
0141 AS for an end portion in the opening of the organic 
resin layer 341, it is desirable to be formed roundish so that 
the light emitting layer to be formed later will have no holes 
in the end. Specifically, a curvature radius of the curved line 
shown by the sectional surface of the organic resin layer 341 
in the opening is desirably in the range of 0.2 to 2 um. 
0142. In an example shown in FIG. 7C, a positive photo 
sensitive acrylic resin is used as the organic resin layer 341. 
Photosensitive organic resin is classified into a positive type 
and a negative type: if a portion of a resin film that is exposed 
to an energy beam Such as photo, electron, and ion is 
removed, it is the positive type, and if the exposed portion 
remains whereas the rest is removed, it is the negative type. In 
the invention, the negative organic resin layer may also be 
used. In addition, the organic resin layer 341 may also be 
formed by using photosensitive polyimide. 
0143. When the organic resin layer 341 is formed by using 
negative photosensitive acrylic, an end portion in the opening 
of the organic resin layer 341 takes on an S-shaped cross 
section. It is desirable that curvature radius of the curved line 
in an upper end portion and a lower end portion of the opening 
be from 0.2 to 2 um. 
0144. According to the above structure, the coverage of a 
light emitting layer and a cathode that are formed later can be 
enhanced. Thus, it can be prevented that the pixel electrode 
340 and the cathode are shorted-circuited in the holes that are 
formed in the light emitting layer. Moreover, by alleviating 
the stress of the light emitting layer, defect called shrink, in 
which a light emitting region decreases, can be reduced and 
the reliability is thus enhanced. 
0145 Next, a light emitting layer 342 is formed on the 
pixel electrode 340. The light emitting layer 342 comprises 
one or a plurality of layers, which may include inorganic 
layers as well as organic layers. 
0146 Then, a cathode 343 is formed so as to cover the light 
emitting layer 342. For the cathode 343, as far as being a 
conductive film having a low work function, any known mate 
rials can be used. For example, Ca, Al, CaF, MgAg, AlIli and 
the like are preferably used. 
0147 The pixel electrode 340, the light emitting layer 342, 
and the cathode 343 overlap with each other in the opening of 
the organic resin layer 341, and the overlapping region cor 
responds to an OLED 344. 
0.148. A protective layer 345 is formed over the organic 
resin layer 341 and the cathode 343. As well as the third 
interlayer insulating layer 334, the protective layer 345 is 
formed of a film that allows with difficulty, in comparison 
with other insulating films, transmitting Substances Such as 
moisture and oxygen that may cause the deterioration of the 
OLED. Typically, for example, a DLC film, a carbon nitride 
film, or a silicon nitride film formed by RF sputtering or the 
like is preferably used. It is also possible to form a protective 
layer by laminating the above-described film that allows 
transmitting Substances such as moisture and oxygen with 
difficulty, and a film that allows with ease, in comparison with 
the former film, transmitting Substances such as moisture and 
OXygen. 
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0149. Although the example shown in FIG.7C employs a 
structure in which light emitted from the OLED is emitted to 
the substrate 301 side, a structure in which light emitted from 
the OLED is emitted to the opposite side of the substrate may 
be employed as well. 
0150. Practically, when the device has been completed up 

to the stage shown in FIG. 7C, a protective film (a laminate 
film, an ultraviolet curing resin film or the like) having good 
airtightness and less degasification or a transparent covering 
material is desirably used to package (seal) the device without 
exposing it to air. At that time, the reliability of the OLED is 
enhanced if the inside of the covering material is filled with an 
inert atmosphere or a moisture absorption material (e.g., 
barium oxide) is disposed inside. 
0151. By utilizing the above-described fabrication 
method, the n-channel TFT 331 which is used as a memory 
element of the DRAM and the p-channel TFT which is 
formed in the pixel portion can be fabricated on the same 
substrate. 

0152. It is to be noted that, after forming an integrated 
circuit including DRAM and a pixel portion on a substrate, 
and then separating both of them from the Substrate, they may 
be transferred to another substrate. For the transfer, various 
methods can be adopted Such as the one in which a metal 
oxide film is disposed between an integrated circuit and a 
pixel portion, and a Substrate, and the integrated circuit and 
the pixel portion are separated from the substrate by weaken 
ing the metal oxide film by crystallization, thereby transfer 
ring them to another Substrate; the one in which anamorphous 
silicon film containing hydrogen is disposed between an inte 
grated circuit and a pixel portion, and a substrate, and the 
integrated circuit and the pixel portion are separated from the 
Substrate by removing the amorphous silicon film by laser 
light irradiation or etching, thereby transferring them to 
another Substrate; and the one in which a substrate mounting 
an integrated circuit and a pixel portion is removed mechani 
cally or by etching by use of solution or gas, thereby cutting 
the integrated circuit and the pixel portion off the substrate to 
transfer them to another substrate. In either method, transfer 
may desirably be carried out before completing display ele 
ments in a pixel portion. For example, in the case of a liquid 
crystal display device, it may desirably be carried out before 
attaching a counter electrode and injecting a liquid crystal 
into a liquid crystal display device, and in the case of a light 
emitting device, be carried out before forming a light emitting 
layer. 
0153. It is to be noted that, the semiconductor device of the 
invention is not exclusively limited to the light emitting 
device shown in this embodiment mode. The light emitting 
device described above is only a specific example as one 
embodiment mode of the invention, and therefore the inven 
tion is not limited to this. Thus, various modification based on 
a technical idea can be applied to the invention. 
0154 As described above, according to the invention, data 
can be stored in a thin film transistor, thus no additional 
capacitor is required and a memory cell area can be reduced. 
Therefore, high integration and large memory capacity of an 
integrated circuit mounting a DRAM can be realized while 
cutting costs. Further, according to the high integration and 
large memory capacity of an integrated circuit, the integrated 
circuit occupies a smaller area of a Substrate on which a pixel 
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portion of a flat panel is formed together, thus high-perfor 
mance system-on-panel can be implemented. 

Embodiment 1 

0155 ADRAM comprising a switching element as well as 
a TFT which is used as a memory element is described. 
0156 An example of a circuit diagram of a cell array of a 
DRAM according to the present embodiment is shown in 
FIG. 8A. The cell array shown in FIG. 8A comprises four 
memory cells (Cell1, Cell2, Cell3, and Cell4), and each 
memory cell is provided with a TFT 800 which functions as a 
memory element and a TFT 801 which functions as a switch 
ing element. Although four memory cells are disposed in the 
memory cellarray in FIG. 8A, the number of memory cells is, 
needless to mention, not limited to this. 
(O157. The TFT 800 in each memory cell receives poten 
tials Vbg and Vfgfrom word lines WLb and WLfrespectively, 
and a potential Vs from a source line SL. The supply of a 
potential Vd from a bit line BL is controlled by the TFT 801. 
Switching of the TFT 801 is controlled by a potential supplied 
to its gate electrode from a select line Sel. Note that, the 
layout of each wiring is not limited to the configuration shown 
in FIG. 8A. Moreover, other wirings may be provided in 
addition to these wirings. 
0158. As the TFT801 functions as a switching element, its 
conductivity type is not specifically limited and either an 
n-channel or p-channel TFT can be employed. The TFT 801 
is operated so as to be turned ON during writing, reading, and 
purging, while turned OFF during holding. 
0159. By providing a TFT as a switching element, selec 

tivity of a memory cell can be improved. Specifically, con 
sidered here is the memory cell (Cell3) in the case of applying 
5 V to the BL1 for writing data into the memory cell (Cell1) 
which is in the same column as the memory cell (Cell3). In 
this case, when no switching element is provided, potential 
difference may be generated between the source and drain of 
the TFT which configures the memory cell (Cell3), leading to 
a bad influence upon the state of the memory cell (Cell3). On 
the other hand, in the case where a Switching element is 
provided, and turned OFF, such potential difference is not 
generated, thus it does not give stress on the memory cell 
(Cell3). As a result, it becomes possible to reduce malfunc 
tion due to stress and improve refreshing intervals. 
0160. In addition, in the case of providing no switching 
element, every source line is controlled independently, 
whereas in the case of providing a Switching element, unnec 
essary potential difference between the source and drain in 
the non-selected memory cell may be removed, thus it 
becomes possible to set potentials of all source lines equal to 
each other. As a result, advantageous effects can be obtained 
Such that the configuration of a driver circuit is simplified, and 
an area of a source line is reduced. 
0.161 It is to be noted that, in order to cause impact ion 
ization efficiently in the TFT 800, or to read out current 
difference of the TFT 800 in between reading and selecting, a 
potentialVgs of the gate electrode of the TFT 801 in selecting 
is desirably set higher than a potential Vgs of the gate elec 
trode of the TFT 800. 
(0162. When both of the TFTs 800 and 801 are n-channel 
types, it is also possible to combine the select line Sel, and the 
word line WLf into one for common use, thus reducing the 
number of power supplies. Further, in this case, the TFTs 800 
and 801 can be combined into one TFT by sequentially form 
ing each active layer. FIG.8B shows a cross-sectional view of 
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a TFT500 which is obtained by sequentially forming barrier 
layers of the TFTs 800 and 801. 
(0163. In FIG.8B, reference numeral 501 denotes an active 
layer which comprises a channel forming region502, a source 
region 503, and a drain region 504. Further, reference 
numeral 505 denotes a first electrode, 506 denotes a second 
electrode, 507 denotes a first insulating layer, and 508 denotes 
a second insulating layer. The first electrode 505 overlaps 
with the second electrode 506 with the active layer 501 inter 
posed therebetween. The first electrode 505 further overlaps 
with the channel forming region 502 with the first insulating 
layer 507 interposed therebetween. The second electrode 506 
overlaps with the channel forming region502 with the second 
insulating layer 508 interposed therebetween. 
(0164. In FIG.8B, the first electrode 505 overlaps with only 
apart of the channel forming region502. The drain region 504 
in the channel forming region 502 does not overlap with the 
first electrode 505 whereas it overlaps partially with the sec 
ond electrode 506. In this manner, by integrating the word line 
WLf and the select line Sel, and sequentially forming active 
layers, a memory cell area can be decreased as compared to 
the case of providing two TFTs, and further the holding 
operation of charges can be performed accurately in the same 
manner as in the case of providing two TFTs. 

Embodiment 2 

0165 Described in this embodiment is a structure of a 
memory cell of a DRAM which is mounted on the integrated 
circuit of the invention. 
0166 FIG.9A shows a top plan view of memory cell of the 
present embodiment. A memory cell shown in FIG. 9A com 
prises a TFT 901 which functions as a memory element. 
Reference numeral 902 denotes a bit line BL, 903 denotes a 
source line SL, and 904 denotes a word line WLif. As shown 
in FIG.9A, the source line SL 903 is obtained by patterning 
the same conductive layer as a word line WLb 906. 
(0167 FIG.9B shows a top plan view of the memory cell 
shown in FIG.9A, prior to the formation of the bit line BL 902 
on a top layer. Reference numeral 905 denotes an active layer 
of the TFT 902. The word line WLf 904 partially overlaps 
with the active layer 905 with a second insulating layer (not 
shown) interposed therebetween, and it functions as a second 
electrode. In this embodiment, the word line WLf 904 is 
disposed between the active layer 905 and the bit line BL 902. 
0168 FIG.9C shows a top plan view of the memory cell 
shown in FIG.9B, prior to the formation of the word line WLif 
904. The word line WLb 906 partially overlaps with the active 
layer 905 with a first insulating layer (not shown) interposed 
therebetween, and it functions as a first electrode. In this 
embodiment, the source line SL 903 and the word line WLb 
906 are provided in a lower layer (substrate side) than the 
active layer 905. 
0169 FIG. 9D shows a cross-sectional view cut along a 
line A-A in FIG.9A. The 20 word line WLif904 and the word 
line WLb 906 overlap with each other with the active layer 
905 interposed therebetween as shown in FIG.9D. Note that, 
although the source line SL 903 is formed by using the same 
conducting layer as the word line WLb 906 in this embodi 
ment, the source line SL 903 may be formed with an upper 
conducting layer than the bit line BL902. 
0170 Note also that, in the case of fixing a potential of the 
Source line, adjacent memory cells each having a different 
word line may have a common source line. FIG. 11 shows a 
top plan view of a memory cell of the invention which is 
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different from FIGS. 9A to 9D. Reference numerals 1000a 
and 1000b each denote memory cells, 1001 denotes a bit line 
BL, 1002 denotes a source line SL, and 1003 denotes a word 
line WLif. The memory cells 1000a and 1000b have an active 
layer 1004 and the bit line BL 1001 in common. Note that, a 
word line WLb is, though not shown in the top plan view of 
FIG. 11, disposed in a lower layer of the active layer 1004 
while overlapping with the word line WLf 1003. As shown in 
FIG. 11, when adjacent memory cells have an active layer or 
a source line in common, the layout area can be further 
reduced. 

Embodiment 3 

0171 In this embodiment, a configuration of a micropro 
cessor which is one of the integrated circuits of the invention 
is described. 
0172 FIG. 10 shows a perspective view of a microproces 
sor of the present embodiment. The microprocessor com 
prises a substrate 400 which is mounted with a CPU 401, a 
main memory 403, a clock controller 404, a cache controller 
405, a serial interface 406, an I/O port 407, a terminal 408, an 
interface 409, a cache memory 410, and the like. It is needless 
to mention that the schematic view of the microprocessor 
shown in FIG. 10 is only an example and therefore micropro 
cessors in practice take various configurations according to 
their practical use. 
(0173. In order to operate the CPU 401 at a higher rate, a 
memory which is operable at a corresponding rate to that of 
the CPU is required. However, when using a high capacity 
memory which is operable at a high rate and having an access 
time corresponding to an operating rate of the CPU 401, cost 
increases generally. Thus, in addition to the high capacity 
main memory 403, the cache memory 410 which has lower 
capacity than the main memory 403 but can operate at a 
higher rate is interposed between the CPU 401 and the main 
memory 403. By accessing the cache memory 410, the CPU 
401 can operate at a high rate without depending on the 
operating rate of the main memory 403. 
0.174. According to the integrated circuit of the invention, 
a DRAM is employed for the main memory 403 to achieve 
cost reduction and large memory capacity, and an SRAM is 
employed for the cache memory 410 to achieve a high oper 
ating rate. 
0.175. It is to be noted that, the main memory 403 stores a 
program which is executed in the CPU 401. The program 
stored in the main memory 403 is, for example, downloaded 
to the cache memory 410 in the initial stage of execution. A 
program to be downloaded is not limited to the one that is 
stored in the main memory 403, and programs from external 
memories can be downloaded as well. The cache memory 410 
functions as a work area as well as storing a program which is 
to be executed in the CPU 401, and it temporarily stores 
calculations. 
(0176 The number of CPUs is not limited to one, and a 
plurality of CPUs may be provided as well. When a plurality 
of CPUs are provided to perform parallel processing, the 
operating rate can be improved. In that case, the balance of the 
operating rate between each CPU which serves as a slave may 
be controlled by means of a CPU which serves as a master 
since inconvenience may occur in viewing the processing as 
a whole when the operating rate between each CPU varies 
from each other. 
0177 Although a microprocessor is taken as an example 
ofan integrated circuit in this embodiment, a DRAM which is 



US 2011/008.9426 A1 

used in the integrated circuit of the invention is not exclu 
sively applied to a main memory of a microprocessor. It may 
desirably be applied, for example, to a video RAM used in a 
driver circuit of a display device, or to a high capacity 
memory used in an image processing circuit. Further, it can be 
applied to a high-capacity or a small memory in various 
system LSIs. 

Embodiment 4 

(0178. Described specifically in this embodiment are steps 
for writing data when a potential Vbg is supplied to a plurality 
of memory cells from a common wiring. 
(0179 FIG. 12 shows a partial circuit diagram of a cell 
array of this embodiment. Memory cells 1101 to 1105 in FIG. 
12 all receive a potential Vbg of a first gate electrode from a 
common wiring 1106. The memory cells 1101 to 1105 also 
receive a potential Vfg of a second gate electrode from a 
common wiring 1107. Data having three states is assumed to 
be written by using the memory cells 1101 to 1105 in FIG. 12. 
0180 Specifically, data which is written to the memory 
cells 1101 to 1105 is assumed to be 0, 1, 0, 2, and 1 in this 
order. The data “0” corresponds to a case where a drain 
voltage is lower thana threshold voltage of impact ionization, 
and the data “1” and '2' each corresponds to a case where 
holes are accumulated by impact ionization. The cumulative 
amount of data “2' is to be higher than that of the data “1”. 
0181 First, in the first writing, a drain voltage is set lower 
than the threshold voltage of impactionization in each of the 
memory cells 1101 and 1103 which correspond to the data 
“0”. In the memory cells 1102, 1104, and 1105 which corre 
spond to the data “1”, a drain voltage is set higher than the 
threshold voltage of impact ionization. According to the 
above operation, no charge is accumulated in the memory 
cells 1101, 1103, and 1104, and holes corresponding to the 
data “1” are accumulated in the memory cells 1101,1103, and 
1104. Specifically, a voltage Vd which is supplied to each 
TFT in the memory cells 1101 to 1105 is set at 2 V. 5 V. 2 V. 
2 V, and 5 V respectively. In addition, to each TFT in the 
memory cells 1101 to 1105, a potential Vs of 0 V, a potential 
Vfg of 3 V, and a potential Vbg of -4V are supplied. 
0182. In the second writing, a drain voltage is set lower 
than the threshold voltage of impactionization in the memory 
cells 1101, 1102, 1103, and 1105 which correspond to the 
data “0” and “1”. In the memory cell 1104 which corresponds 
to the data “2, a drain voltage is set higher than the threshold 
voltage of impact ionization. At this time, a potential Vbg 
which is supplied to the wiring 1107 is set lower than that in 
the first writing, and the amount of charges which are accu 
mulated in the memory cell 1105 are made to be larger than 
that in the first writing. According to the above operation, 
holes corresponding to the data '2' are accumulated in the 
memory cell 1104 while the data “0” is held in the memory 
cells 1101 and 1103, and the data “1” is held in the memory 
cells 1102 and 1105. Specifically, a voltage Vd which is 
supplied to each TFT in the memory cells 1101 to 1105 is set 
at 2 V. 2 V. 2 V. 5 V, and 2V respectively. In addition, to each 
TFT in the memory cells 1101 to 1105, a potential Vs of 0 V. 
a potential Vfg of 3 V, and a potential Vbg of -6 V are 
Supplied. 
0183. It is to be noted that, writing may not necessarily be 
started in sequence from the memory cell in which the Small 
est amount of holes are accumulated. 
0184. According to the present embodiment, a DRAM for 
storing data which has three states is taken as an example, 
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however, when the state of data is generalized as n (n is an 
integer not less than three), the number of writings is shown 
by (n-1). 

Embodiment 5 

0185. In this embodiment, a method for reading out data 
from a memory cell is described. Taken as an example in this 
embodiment is a case of reading out three-state data, however, 
this embodiment is not exclusively limited to this and it can be 
applied to reading out data having four states or more. 
0186 The circuit shown in FIG. 13A comprises a TFT 
1201 which is disposed in a memory cell, a transistor 1202 for 
reading data from the TFT 1201, and two operational ampli 
fiers 1203 and 1204. A gate electrode and a source region of 
the transistor 1202 are electrically connected to each other 
(so-called diode connection), and function as a resistor. Note 
that, although a diode-connected transistor is used as a resis 
tor in this embodiment, the invention is not exclusively lim 
ited to this and an alternate element may also be employed as 
far as it functions as a resistor. In addition, although two 
operational amplifiers are used for reading data in the 
embodiment, the number of operational amplifiers is not lim 
ited to this. When data has n states (n is an integer not less than 
three), (n-1) operational amplifies are employed. 
0187. The size of a drain current of the TFT 1201 is con 
trolled by the amount of holes which are accumulated in its 
channel forming region. Specifically, the larger the cumula 
tive amount of holes are, the larger the drain current is 
obtained, and vice versa, the smaller the cumulative amount 
of holes are, the smaller the drain current is obtained. That is, 
the larger the cumulative amount of holes are, the lower the 
resistance between a source region and a drain region of the 
TFT 1201 becomes, and vice versa, the smaller the cumula 
tive amount of holes are, the higher the resistance between the 
source region and the drain region of the TFT 1201 becomes. 
In view of the foregoing, the drain region of the TFT 1201 is 
connected in series with the TFT 1202 which serves as a 
resistor, and the value of the drain current is measured indi 
rectly by using the potential V at the connection node. 
0188 Specifically, the drain region of the TFT 1201 and 
the drain region of the TFT 1202 which serves as a resistor are 
connected to each other, and their node is connected to each 
inverted input terminal of the two operational amplifiers 1203 
and 1204. Also, a stationary potential Vread is supplied to the 
source region of the TFT 1202, apotential Vref1 is supplied to 
a non-inverted input terminal of the operational amplifier 
1203, and a potential Vref2 is supplied to a non-inverted input 
terminal of the operational amplifier 1204. The relationship 
between each potential is Vread>Vref2·Vref1. Thus, a 
potential of each output terminal of the operational amplifiers 
1203 and 1204 differs depending on the condition whether the 
node potential V is higher or lower than the potential Vref1. 
and whether the node potential V is higher or lower than the 
potential Vref2. Potentials at the output terminals of the 
operational amplifiers 1203 and 1204 are stored in latch cir 
cuits 1205 and 1206 respectively. 
(0189 FIG. 13B shows the distribution of a memory cell 
corresponding to each cumulative amount of holes, and the 
correlation between each data “0”, “1”, and '2' and the node 
potential VOL. The cumulative amount of holes in a memory 
cell which stores each data have certain variations. Therefore, 
even in the memory cell where the same data is stored, the 
corresponding node potential V will also have variations. 
The basic potentials Vref1 and Vref2 are determined by tak 
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ing the variations of the node potential V into account to 
read out the state of each data accurately. 
0190. It is to be noted that, although data is read by con 
firming the cumulative amount of holes on the whole by 
utilizing resistance division in this embodiment, a method for 
reading data is not exclusively limited to the one shown in this 
embodiment. 

Embodiment 6 

0191 Electronic apparatuses, using the integrated circuit 
or the semiconductor display device according to the inven 
tion, include a video camera, a digital camera, a goggle dis 
play (head mounted display), a navigation system, a Sound 
reproduction device (a car audio equipment, an audio set, and 
the like), a notebook personal computer, a game machine, a 
portable information device (a mobile computer, a portable 
telephone, a portable game machine, an electronic book, and 
the like), an image reproduction device including a recording 
medium (more specifically, a device which can reproduce a 
recording medium Such as a digital video disc (DVD), and 
which includes a display for displaying the reproduced 
image), or the like. 
0.192 By adopting the semiconductor device according to 
the invention, a frame area on the periphery of a pixel portion 
can be reduced, and compact electronic apparatuses can thus 
be realized. Further, by utilizing the integrated circuit of the 
invention, large memory capacity of a DRAM in the inte 
grated circuit can be achieved, thus high-performance elec 
tronic apparatuses can be realized. Specific examples of these 
electronic apparatuses are shown in FIGS. 14A to 14C. 
0193 FIG. 14A is a display device, which includes a hous 
ing 2001, a display portion 2002, a speaker portion 2003, and 
the like. The semiconductor display device of the invention 
can be used as the display portion 2002, and the integrated 
circuit of the invention can be used as other signal processing 
circuits. Note that, the display device includes all the infor 
mation display devices for personal computers, television 
broadcast reception, advertisement displays, and the like. 
0194 FIG. 14B is a notebook personal computer, which 
includes a main body 2201, a housing 2202, a display portion 
2203, a keyboard 2204, a mouse 2206, and the like. The 
semiconductor display device of the invention can be used as 
the display portion 2003, and the integrated circuit of the 
invention can be used as other signal processing circuits. 
0.195 FIG. 14C is a portable image reproduction device 
provided with a recording medium (specifically, a DVD play 
back device), which includes a main body 2401, a housing 
2402, a display portion 2403, a recording medium (such as a 
DVD) read-in portion 2404, an operation key 2405, a speaker 
portion 2406, and the like. Note that, image reproduction 
devices provided with recording a medium include game 
machines for domestic use and the like. The semiconductor 
display device of the invention can be used as the display 
portion 2403, and the integrated circuit of the invention can be 
used as other signal processing circuits. 
0196. As described above, an application range of the 
invention is so wide that the invention can be applied to 
electronic apparatuses in various fields. The electronic appa 
ratuses in this embodiment can employ any configurations 
shown in the foregoing Embodiments 1 to 5. 
0.197 Although the present invention has been fully 
described by way of example with reference to the accompa 
nying drawings, it is to be understood that various modifica 
tions will be apparent to those skilled in the art. Therefore, 
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unless otherwise Such changes and modifications depart from 
the scope of the invention hereinafter defined, they should be 
constructed as being included therein. 
What is claimed is: 
1. A semiconductor device comprising: 
a DRAM over a substrate, the DRAM including: 

a transistor comprising: 
a first gate electrode over the substrate; 
a semiconductor film over the first gate electrode 

wherein the first gate electrode and the semicon 
ductor film overlap each other with a first insulating 
layer interposed therebetween; and 

a second gate electrode over the semiconductor film 
wherein the semiconductor film and the second 
gate electrode overlap each other with a second 
insulating layer interposed therebetween; 

a first line electrically connected to the semiconductor 
film; and 

a second line electrically connected to the semiconduc 
tor film, 

wherein the semiconductor film comprises a channel form 
ing region, 

wherein data is represented by an amount of holes which 
are accumulated in the channel forming region, and 

wherein holes are accumulated in the channel forming 
region by impact ionization. 

2. The semiconductor device according to the claim 1, 
wherein an amount of holes accumulated in the channel form 
ing region is adjusted by controlling a voltage applied to the 
first gate electrode. 

3. The semiconductor device according to the claim 1, 
wherein data stored in the transistor is read out by using a 
drain current or a threshold voltage of the transistor. 

4. The semiconductor device according to claim 1, wherein 
the semiconductor film comprises silicon. 

5. The semiconductor device according to claim 1, wherein 
the first gate electrode is connected to a first word line and the 
second gate electrode is connected to a second word line. 

6. A semiconductor device comprising: 
a first portion over a Substrate, the first portion including: 

a first transistor comprising: 
a first gate electrode over the substrate; 
a first semiconductor film over the first gate electrode 

wherein the first gate electrode and the first semi 
conductor film overlap each other with a first insu 
lating layer interposed therebetween; and 

a second gate electrode over the first semiconductor 
film wherein the first semiconductor film and the 
second gate electrode overlap each other with a 
second insulating layer interposed therebetween; 

a first line electrically connected to the first semiconduc 
tor film; and 

a second line electrically connected to the first semicon 
ductor film; and 

a second portion over the Substrate, the second portion 
including: 
a second transistor comprising: 

a second semiconductor film over the Substrate; and 
a third gate electrode over the second semiconductor 

film wherein the second semiconductor film and 
the third gate electrode overlap each other with the 
second insulating layer; 

a wiring electrically connected to the second semicon 
ductor film; 
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a first electrode electrically connected to the wiring: 
a light emitting layer over the first electrode; and 
a second electrode over the light emitting layer, 

wherein the first semiconductor film comprises a channel 
forming region. 

7. The semiconductor device according to the claim 6, 
wherein data is represented by an amount of holes which 

are accumulated in the channel forming region, and 
wherein holes are accumulated in the channel forming 

region by impact ionization. 
8. The semiconductor device according to the claim 6, 

wherein an amount of holes accumulated in the channel form 
ing region is adjusted by controlling a Voltage applied to the 
first gate electrode. 

9. The semiconductor device according to the claim 6, 
wherein data stored in the first transistor is read out by using 
a drain current or a threshold voltage of the first transistor. 

10. The semiconductor device according to claim 6, 
wherein the second transistor is a transistor for controlling a 
current Supply. 

11. The semiconductor device according to claim 6. 
wherein the first semiconductor film is an n-channel transistor 
and the second semiconductor film is a p-channel transistor. 

12. The semiconductor device according to claim 6. 
wherein the first gate electrode is connected to a first word 
line and the second gate electrode is connected to a second 
word line. 

13. A semiconductor device comprising: 
a first portion over a substrate, the first portion including: 

a first transistor comprising: 
a first gate electrode over the substrate; 
a first semiconductor film over the first gate electrode 

wherein the first gate electrode and the first semi 
conductor film overlap each other with a first insu 
lating layer interposed therebetween; and 

a second gate electrode over the first semiconductor 
film 

wherein the first semiconductor film and the second gate 
electrode overlap each other with a second insulating 
layer interposed therebetween; and 
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a source line electrically connected to the first semicon 
ductor film; and 

a second portion over the Substrate, the second portion 
including: 
a second transistor comprising: 

a second semiconductor film over the Substrate; and 
a third gate electrode over the second semiconductor 

film 
wherein the second semiconductor film and the third gate 

electrode overlap each other with the second insulating 
layer; and 
a bit line electrically connected to one of a source and a 

drain of the second transistor; 
wherein the first semiconductor film comprises a channel 

forming region, and 
wherein one of a source and a drain of the first transistor is 

electrically connected to the other of the source and the 
drain of the second transistor. 

14. The semiconductor device according to the claim 13, 
wherein data is represented by an amount of holes which 

are accumulated in the channel forming region, and 
wherein holes are accumulated in the channel forming 

region by impact ionization. 
15. The semiconductor device according to the claim 13, 

wherein an amount of holes accumulated in the channel form 
ing region is adjusted by controlling a Voltage applied to the 
first gate electrode. 

16. The semiconductor device according to the claim 13, 
wherein data stored in the first transistor is read out by using 
a drain current or a threshold voltage of the first transistor. 

17. The semiconductor device according to claim 13, 
wherein the second transistor is a transistor for controlling a 
current Supply. 

18. The semiconductor device according to claim 13, 
wherein the first semiconductor film is an n-channel transistor 
and the second semiconductor film is a p-channel transistor. 

19. The semiconductor device according to claim 13, 
wherein the first gate electrode is connected to a first word 
line and the second gate electrode is connected to a second 
word line. 


